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[»#=Bil in-v8tffc-&4fc¥#tf;»*JtK:, 

i: -tmmm t©iai©x*^^-BMg©wai*± 

^-RtfiffllSS «k »J *j{£v^©£|ig#tf»#-£X3gi:, 

mz j: y « £ e> tc Lfc^ i: srwat-rsss*^ i 

1 SB«©*- 5 >y **«©?§&*#&, 
»4:i:&»ai:t6»*«i, 2 * fete 3 13*©;}-- 

K#|UPL|gtf£¥*ttff©lMj&tt9 0 OTCJSiLLTf&SZfcS: 

«s©j^**a. 

[»#«6] ±fflIII-VBtffc^±NW*3S#ttG a A 
s, AlGaAs*fettInGaAs*6j*4Ikfefi 
«fc"r&1l*^l. 2, 3, 4*^:ti5iB«©^-$«V 

7 ] jisa^NMsa^awMi p**sa i n a 

2, 3, 4, 5 $LtlteMM<D*-$.V 

Sr#«fc"r««l#5Sl, 2, 3, 4. 5, 6*fe»7ffl 

#S 8 gS^©^-- S *y * *B©?^JE»*ffi. 

1 0 ] ±IB^«^H«N i ftfg£ fcliC o n 

t-fesrt zw&t-t &m&m a * 9 ««©*- ^ 
1 1 1 ±m-mm&£mmmi*wMmx- 

t. 9 IB*©*- s y **«©«&*# 



Z.£$:W$L£?2>m#mi.. 2, 3, 4, 5, 6*fett 

7 fH«g©*- $ v vwmofem-fimo 

1 3 ] jiia^M^KttN i mmt r~itc o m 
mr-z, y . j:iHi«iajftAJiiwj«ttwwji)tTf» s r ^ 
i 2BB*©*- $ v ?ti©»j«m 

l 4 ] ±flBWIRtt&JiMH& '>& < =b±BB 

MRS <fc JfcflBI*BU:K:?§a»S ft fcffiiK/^JIftHK S:* 
■*"*i4:S:4f«fc-r*«l#3ai, 2, 3, 4, 5. 6* 
10 fcl±7SE«©#-3y*Wi©7£J5ft#85. 

l 5 ] ±IB^M^HliN i fe^C o & 

afc"tS»#3Sl 4BB*©*-5 y ^«ffi©?^J**as. 
l 6 ] ±mmtt8Sk¥mi*M&4>*i <t^± 

2, 3, 4, 5,' 6*fctt73B*©>*--5<y* 
««©»«*& 

20 im&s. 1 7 ] ±«iAjiK»«ttN i ami* fettc o m 
eia«©*-^v^«Sffl»**a5. 

18] ±IB^FIW»ttSi» Ge, Te33«kt>* 

s n^e>*6»j: ya«nfc^*< ^t.-a©^%T* 
«©*- ^ v ^«s©^*& 

1 9 ] ±flB**Bffi©ift§tt* 9 0 0 iCJ^TT'fe 

©^-- 5 y ^M©^A^^U 
30 [ff 2 0 ] ±KJIMtt3ffl:Dgtt 200-400TC 
©M*T*©^l©^i£!!a©Xgi: 5 0 0-9 0 or;©?a 
St©^ 2 ©«WHI©^g ^ i t f & 

l ~ 1 8 ©^-f 4x*»— 3S8BR©*- ^ v ?mMV> 

t>*_hSB^©e> t.©'>^ < i: %— ^tt^ft < t>±K* 
40 ±IB*#ttft**#»fc±iaiWR4:©IIB©x* i «/^ 

-^©^3 «±flBi 1 1- vant-&4ij*#fltifi» t±mm 

Ht©K©x^;i/^-M©jS$ «fc y ; b^£^^ : fo©^e)^ 

2 2 ] ±§a*miiiga i i i ##M a v * y > 
yatcky^snfetcTftSviiiSrwafc-rsB* 
S2i ia«©*- $ >v ^ m«)i«ift. 

2 3 ] ±ffi**#sa**#» e * tf±mmm 

zvz/fmzz: yj^^satifetro-pftSifcS: 

50 
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2 4 ] jhiEi i i-vmit&yn^m&mmz nl 

Tfe-S^i:5:#^il1-Stf^2 l, 2 2*£ti2 3gB 
2 5 ] JtflBI 1 1- VMit&m*mfc&fc& £Zf 
&<f#»fc + *flt##2 1, 2 2, 2 3 £fc«2 4SB«© 

2 6 1 jtiai 1 1- vmfciam^mfa&mtG a 

As, A 1 G a A s t.f=.lt I nG a A s & 
4W*fc-*-*9l#&2 1, 2 2, 2 3, 2 4 ifcli2 5fH 

*©*- ^ v tmMmmmmmfco 
[mm 2 7 ] ±m&&sk*m#M b^muss i n 

AsI^fcWISII nGaAs|T'S.5rtS« 
^-^•511^2 1, 2 2, 2 3, 24, 2 5S£t£26 

m&m 2 8 ] jtiBTOtt&MTOfc <t z^±m±mm 

£Z&m£.iT?>m&Tg2 1, 2 2, 23, 24, 2 5, 

2 9 ] ±mmm^m u ktojik a 

& £ttlR&&Aratf^/ft S *iT v * fi £ «: W« + * 

3 o ] _lib:£«to«n i to* fettc o & 

KT?» »J > ±«BWBL*^JaS/ U KWKttW S i TO 

3i:^mi:tSiM2i, 2 2, 2 3, 2 4, 2 

33] _h!B&M?sjgi&N i to* fc«c o m 

C»#«3 4] ±fBTOte&MTO, iJ>fc<fc%»±flB 
TOfc J: ±IB«Bt±lc»ritS tifcUBBL^AMWBl 

-rszfc&wau: 2 1, 22, 23, 24, 

2 5, 2 6*fc«2 7fB«©^--5 

3 5 ] ±8 z&mwm\z NiaPK*fcttco* 
bit* fe y , ±taw»j^«*JRttw»i«"e % & i t 



fro, ilBTOte^MTOfc.fctf-LSa&MTOJiJC 

^*anfciwsiij*A«wis;s:*-r * 3 1 swa^t- an 

*S2 1. 2 2, 2 3, 24, 2 5, 26*fc(i27fB 
[»#J£3 7 ] _hfe&MTOfiN i TO* fc(iC o|» 

bit- & y , ±faw» ±mmm\* wtot* 

10 [»#3S3 8 3 _hfB^»ttSi, Ge, Tefiitf 
Sn*b«S8J: y»tf*ife!^fc< fcfc— «©^«R* 
"*N&if#E 2 i~3 7fflv^-r*v^-=S 

[»iJI©f8IBfcffW33 
[0 0 0 1] 

ic, in-v^fc^4H*#K#*S*-S ***«©?§* 

20 [0 0 0 2] 

[&#©&fl5] ft^^fl^ffl^feFETfc^©^ 
>f *©^tlft*«»tta>fflJ:S:BIS-hT, tf- 5>y * 
««©i^^ffl^"^«BcJgtt©l^-tttfill«illWT? 

[0 0 0 3] ^fc G a A s aUPSMWcafr**- ^ y 
^7«^©^i:bT* ; fo«fc<M^&tiTv>Sfe©l±, A 
30 uGe/Nit'W. IffiAuGe/N i l:^-?*^ 

mmmiz&v. GaAsMiftw-^yj'iits 

[0 0 04] Iffl.teiCAuGe/Ni&^-vyi'S 

Zli:T*fe-5o "T^fc-fe, AuGe/N i4J»CAu##* 
{C-g•*^^TV^€) (a^MVNe)tl-g>AuGetti(Cti8 8% 
fflAu^iftT^i) ZLtfCit), 4 0 0°CJiA±©M 
40 ItGaAstAui:^aSLT|S-AuGa (^i 
m (HCP) *JfCHL«T. =3 7 5°C) ifiJ&&Zitl& 

frt>n*ft¥»tB** (CVD) teZomU-yn-txiz 

[000 5] 2(3fGaAs JFE 

«te>tc^s„ 3©S§it^a-fe7>T-tt, *r, 

EI 1 2 AtCjR-T <fc O iji*e«G aAslSlOl^ 
50 »c, na^««©jBtRW*:-f*>aAfcJ:tf*©lft©j» 
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«3»C«fc y nfft^;H 10 2 5:^-rS, ^ 
SfiSi'ffiG a A s 10 1 ©£WC Si3 N4 ^© «fc 3 

gp^-Srxy^yBfcfeLTI^ni 0 3 a &JgfiM"<5. ' 
©g£, 10 3a ^ICT nlf t *M 1 0 2 

<f> p SflfiWI&fc LTZ n 3. £ IC «fc V p ♦ 

SW- MH« l 0 4 SrJBfiW*. «Mc, S12B icsvt 
<fc^fC. ^ill 0 3©ffi£gP#&Xy^:/^Bfc£LT 
BHP 1 0 3 b» 10 3c R§P 103a, 

103 b, 1 0 3 c<DmftK&ttZ>nM?-V*Jimi 0 
2±(CA uGe/Ni LXfB^Xtt^tlV- 

-^111 0 5, 1 0 6, 1 0 7 fc^^S, 7£iC, El 
1 2CtC^-TJ:e)(C, v *«R1 0 6, 

i o 7fcSgRanfe-»s©BS»i 0 8, io9W 
f-So El 2 D{c^-fJ;e){c, «©:rJi@©IB 

j« £©«$U$i^© £&©#!;*. tfS i 3 Nim<D£$& 
1 0 S:CVD?£{C«fcy^ffilC^Lfe^, 
£©JII8li«l*Ki i 0©ffi5£g[S#£x^>m£LT 
HBPllOa, HObJMtS. 3.r.T\ Z.<DMm 

t&mmi i osrcvDasicj:y^«"r«iB»c4 o oicig 

-g>©T*&& 0 z:MB©@Ha$r^-rstCtt, — ®@©@H 
ifeg© n > # * h Sflft if 5: Bfcv x£3P#©«® izm A « 1/ y 
* M l l *fc, £®JC— JgS©B2$Si7£$; 

MffltWfeMlfeft. l/^M l 1 Srlft^i"*. £ 
JUcfco-C, mi 2 Etc^-r<fc-5tc, z:®@(Z>I2^i l 
2, 1 1 3tfl7-7*'J vyfBK'fc-LTJpjSatlS. 
[0 0 0 6] J^©J: -5 y **«©****£ UT 

AuGe/Ni S:fflV^fc«-&JCtt, _fc8B©raH®K*» 
(C, Ga A s tAu iKDfrfoKJ:*) g-AuGa« 
dtlSr.£fCj:»J, *-Sy#««©M©ISSE*l#£ 

[0007] ine>©raas:»*"r6fc«>»c, 3.*i*-e 
izm«c>yt-$v *«s#»©wBfe#f**>*i"o**. t 

*i5©(i. Hi 3{c^-t«fce)(c, ttfi&M£©Jffi££ 
WSx^^df-ppSSrigTS** _tiz£<7) /3 — A u G a © 
J:^fcffilftj&©ft£*fc**fcv*£»^*-3 
SffSitTftS. ft*, 013lC;&^T, E c fe«fct>* 

e v &*n?n&m^(Dr%i<D^* mm* 

^©±<^©x^;v^-, Ef tt7i;Ki^J^-?:i 

(MOCVD) ajJ&ifWxfcrdf^rS/'V 
lC«fc y G a A s g^_htC I nx Gai-xAsfSffil* 
;i/^-W«©«MfflWfcLTflMftU -t©±K:««4fc»«: 
»J«"rSii:(CJ:y#&nTV^*. L^Lfttf'b, 3© 
J: 3 fc*it©Ji--- MOCVD 
««fc£©xh:dr:*^*;i/j»^tt&ffl^.&£i:tt, ^ 



So 

[0 0 0 8] £©J:-5tf:|8JjH«:iSHfe"#N&fc«>fC, {gx* 
)l*f-mm(DtpmM£LX<D InAsI?:InAs?:ii 

m^XJtmisX. InAs/WiJg, InAs/Ni/ 
W^jg, Ni/InAs/Ni /Wifitft £*©»!#£ 
GaAslSlCML -€-©«K:JIWa3lS:«-5ifclC 

#'7?S.5£J:# { #£S*lTV*<& (J. Appl. Phys. 68, 2 
475(1990)) o 01 4 l£^©— iSa^U n^GaAsfi 
4S2 0 0±JC^^y*U>^iSK:J:y InAsl201 
&7£j&U $?>(:z:ffll nAsI2 0 1±CNi^i2 
0 2 fe «fctfW?g|l2 0 3 &JB&?§&ai,fcift, *WSffi«:fT 

e> £ i: i: y ^ * * Wfej^js-r 

[0 0 0 9] i©^?£li, I n A s Jg 2 0 1 ©J^JSftfClS 

20 5 *©SL±Jifciffl^^T*&&w*K2 

0 3 &fflV^VN-53£^&, i©*-5y^«SK:SSR 

S: A 'J 7 * * ^ V n & 3 £ ft < f rjJB ' £ A^T* 
Zl©^T'{i, I n A sf 2 0 1 cfJ{C Kf"- ^ftS^FM 

^fc^A-tsr.^tfT-^ft^zit^, M3ii>$(c«KJ|© 

1 n ««WJR 2 0 3 JblCSHft-r 5 i ft if IC «fc *J , +^ 
(c{S^^«sm 3. ifi-c a ft ^ i: v ^ e>^cg ft 
$:^LT^S= JKWlfflBStCl n^WI12 0 3± 

30 icfifetfcf <y^«fii©^®*^ti, 

[0010] 

[f§H^^^u«fce)i:-r.&^s] ±izE©j:e)ic, «&*© 

G a A s &¥mmzft?2>*- 3. y ^lt^^iV^m ; b^ 
[00 11] tot, r©l§^©@Wtt, GaAs#f 

*#-e-©«j©iii-v»Hb-&« i f £ *fwc*r"ts, ^ffls^fc 

[0 0 12] 31©|§^©ftfi©S«Jt*, GaAsW 

■t©fl!i©iii-vaHK-&*4 s *#jc*f , r6, mmffjicmfc 

[0 0 13] 

[»«&«*»'*&&«>©#«] ±fBS«J5:M^t- Sfc«> 
i©»93JC«k**-§v^««©J!5fi!J*a!tt, III- 
50 Vjfeffc-&«4 £ »«!aS* (1) ±»c, 
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(3) £J:tf&«*fett£«rate£%*»&/*6f*IJI 
(4, 5, 6) T'feoT, #m58,¥m#M (3) £J: 
tfi»R (4, 5, 6) ©e>*>©'>ft< #l£'i>ft< 
k.*iiWt§8i ! £m<*M (3) tcfcfLTK:*— 

#JMeA¥*ttJI (3) £KIg (4, 
5. 6) fc©|ffl©x*^/d[f-»tjS©WSttIII-ViSfl:-& 
(1) fcWJR (4, 5, 6) fc©|Slfflx* 

;i/ ms£<Dis s J: y v * * © & M&teft-t & xe 
t. #mm&¥mi*M (3) &£vmm u, 5, 6) 
tffe®.z&t~\u-vmitism¥mtt.m& en &»*ys 10 

[0 0 14] ~£T% III-Vj^fr&ft4H*#S#HU # 
NU&#9 0 0 o CJiU:T*&£ : fc>©T-&£o d©H 
I-Vjfefb-&« i l s aMt«SS»lCtt. «*tfG a A s , A 1 G 
a As, InGaAsfctr*»&fifc*ai«*fcM:JB#** 
n*. £©III-V^b^W¥##«##ng!T** 

i©iii-vj^b^¥*tti«**K:H:K-*---i: 

*i*5fll*4&fcl/T, WitfSi, Ge, Te, Snftif 

*y&A, *«xi£**S/- (LPE) , 4m»xtT* 20 
dpi/- (MB E) , #8teJ(WtfHx (MOV 
P E) ft£©#&}Cj: y III-V«tfb^¥##S# , t , fc 

[0015] #¥t£ll¥#ftJitt, ffiifctt. Bu&#9 

0 0 TC J^±T* * -6 %» © T? * S . ' ©IMUWP&ttJi K 
tt, #W I n A s Jf^>#*£A InGaAsfftif 

<, #«£*fett#M&RT&s::fc&"*i*'*s. i©# 

flfi©^?*, mx\zM&mmm. mem* 30 

mfom & * a * * u > y ate * y <& »^ tc # 
h i: LT£©#iu£*si&4M*tt*fcH-©¥#fM* 

»*»e>jaS-^-©#—?>*y hSr/B^fejlS©^-;* U 
>ySsS:J§V*&£fc#T?g<5Sa\ £©##*§£#»# 
*©#*J*^#&J**fc»©* -^v h Srffi^fcraB* 
*Vf«y* U i/SrSs&JBH&ifcfcTfgS. Sfc, © 
h&ffl^*#tetctt-t©*->;*v hi:LT#* 

PS^\ aaR©*-yv NS:fflv^**&lctt-t©^*<4: 40 
=b-o©^-y>y hfcLT^iieftTWWIlCfcfLT F 
fcfc**ttW&-£'&%>©«:fflv**£i:K:J:y, K*- 

[0016] ui-vt^&fo¥mimto£#mif&&¥* 
wm t ©raci*, iwt85k!m{*M<D 1 1 i-vasfb-&*¥ 

«MMEflt(cM , tSi(Btitt&lft±S'tt*fc»'a:4f©BW 
K^-£ft&^ii36^£^fcr&©£;S^T%<fcv\ 50 



[0017] i©»W»Cj:*^--$'5'^mS©^J«5?S 
©-HJ&gfflUcfc^Ttt, #m»**#*»±©WBt 
tt, AJIM»KfeJ:tfi©^ja^±fC^«S*ifcWIHL^ 

«k y<6v*»flrc©aWfia«cJ: Uigv^M^m©^--^ *j 

v mm tmat,? & ~ t * & <t e> tc -r s t~ #>ft z&m 
t±, *ntc-£*fts s i &mtts&¥&#Mx-tt bt k 
3i±§£&©*M«if^£LTffiv^;ft6Gs*\ mmk 

3i$£#fUft£A¥#ttB©ttiK73& WAtflntfSi 

3!®MK^^S©£imtt-Sfc&lC,H!v^4T<So ^0 
ffijBj&&M2' U 1M KtWBLtfCtt, $ »j tmmoi/ 
-h&fit©<£M£EISfc«) J £> ;.<'J7>f^fe)8^6- 
£ft < 5. *j 9WmK.&MW»*Wfct Z> z. £ #T*£ 
6J:^lC"rsfe«>&if©aajCJ:»J, ^igtcid;, 

(CM v \ & ti -5 MS ©Sf5 *<iB 3'Ji:<v >lSBli &±m& 

■!^>r KiiBtil ITttWS i f*R©«)&\ Mo S i ^PR, 
Ta S i^R^i:*S:mv^SZ:^l*' ! T•g€>o Sfetc^ ]^gfi 
^IiItL.TH WWR©«J^, Mofl, Ta| 

[0 0 18] £©$8WlcJ:sa--$<y**«©7gJS#8t 
©«!©**Bg«Kfev^Ttt, **|gft^##*±©«K 
»du 'J>fc < t LT K^-- i: ft* 

^JMS* £ * to-^JBIHnjrfe «fc t>* 3 ©ifcjSWMJthfc^tfE $ *i 
feWBlj^AMWRS^r'tS. 'pte<£&#m 

m\t. J: y{S^MST*©^a{c<t y^g^^MigJn:©^* 
- ^ v v mm £7£f£-ts r t * * ^ tc-t * fc«>jc 

s^«««:i©**ieft i f s s»#» i f^ffiiRa**fe»© 

^ ^ ;i/ s: m v \ * £ i: ft < * - ^ v t mmiz&m%m 
ffir$ z> z. t. wo* z> <t o iz-t z> t*ft t*©a*{c <t y m 

14, WiifflS^ Mofi, TaS»Rftif&fflV^*z: 
[0 0 19] iCJSWfCiS^-Sy^aS©^*^ 

©ff&©^»ffl^c^^^T^i> }m&&*mfam±<Dmm 
it. i&mmm. '>si<jit*«isfi i i 5 «#ic»LTK 

$ >y^«=fS$:^-rsz:i:^T'^s«fce){ci-sfe«?)ftif 
©afifc^yfflv^ti*. / > > ft<^ ; fe'^#f£Hf i f i ^® 
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^mfoMK-MlsX K^- -©##££¥ 
^ftJf*tc^£i*3fc#©*M#fi£«i: LTfflv^ 
fflKjft&JffigRtt, *--$y*W«©S/-MS8t 

Rfci/tttN i*R*co8R&ffiv**£i:#T?s<&. 

R, TafcRfcif&MV^ifctfTfSS. 
[0 0 2 0] y*«K©?gJ*#£6 

©fl6©2«6?g«UCi3V*T tt, < 

S= 3 ©*§-£, £JligRl4, J:yte^fi£T^Z>*Mtt9Uc 
«t yffi^SaiHfflW©*-^ y ^WS&Jgfftl-sriitfT? 

,&:&m?»ri4, a-- ^ v #wm<Di/- bi&m&i&mzm 
if ©sisk: j: y flavins. cizit*, ^asitLttt 

8SR£LTi4, Wf*R©S#, Moll, TafcRfcif 

[0 0 2 1] fcjs, ±fla©ffiSfcja^JW»BU:»ctt, 
5 y ?«!§©>>- h«#t©(6i*«:HS JHfifrfc, «fcK»C 
JSUT, . «*.tfAli*R, Aufl, Au/TifK 

[0 0 2 2] ^M¥*ttJB±©&R, -Tfc;b*>&M 
14, X/N"y^U>^^ 

R, fflBj&&M2' U -iM K8R. W»j&&Mf*Rfcif«: 
fcbTi*i&i:ll— ©W»*»6>J«&#— ©3»-yv 
3b\ itie>©#»J«7aR3^&filE«tKR©*-^v h&ffl 
fe, £*i&ffl&«»R, i«IBtj&&*2/yiM K»R, W 

«, itie>i:ra-©*w**e)^s*— ©aas«*fetti 
*i e> ©#««7aR*» s &&©£*&( * m v * s z t # 

tgS, Se>tC jgjgftj&&/ffl8Rl*, ##fCJ:oTttC 
VDSSICJ: y^LT%J:Vv. 

[0 0 2 3] MMil^^JiKljttLT K*- 
MfetbTtt, Si, Ge, Tei3itfSn^&H6» 
J: U iB«4x Ac tt&ffifll©3:JKto& ffl v^It*« 



[0 0 2 4] i©»WtC«fcS^--^y^«a©»«**S 

m a ns 1 i i-vMbiirW##g<fr^#Mii¥##M 

©»j&i:©afcta-&v*fcifK:J:y, #3ltCtt, 9 0 01C« 
Tfc:»i*iS. r©aM&JStt, -©pg 

KfcfcoTfrbft*. JlttWlcW:, — @B©*Wa3IS:zi 
IBB©3W^©ftKJ:y : fc{6v*aK, 09*.tf 2 0 0~4 
0 O'CCDUmX'ft V\ -¥-©16, r.@a©^15: 5 0 0 
10 ~9 0 OXJfflaKTffif-5. 

[0 0 2 5] i©38WJCj:S*-5y^*S**ffl9Ui 
#14, Ill-V^C-^W^Sfls (1) -LKJH&JI&SS 

(3) fcJ:tf&M*fett£MI8l 
-fb-^»^e>*Si»R (4, 5, 6) T*feoT, 
*##M O) J3J:tfjg|K (4, 5, 6) ©e>t>©4>& 
< £ *i-*ttiJ?«5 < 4: *#W&B&mfcM ( 3 ) «f L 

(3) ilSR (4, 5, 6) fc©H©x*;i/¥-l*£© 

^■zmu-vMit&m^mtfLm*. <n ^wr (4, 

20 5, 6) i:©|SI©x*;b^-WS©iBa«fcy*ifiv^ : fei© 

[0 0 2 6] r©»WfCJ:*^---5'y^«S^jaffl«l» 

ft*, ^M*fc«^«B8fl:'&4iJ*»&«*»R, 
¥#ftJic#UT F^-i:fc**»ft*£f*J>-t©«i©z. 
1 14, z: ©5HHJ51C J: s pf - ^ v ^ «S©^**S©Bffll 

[0 0 2 7] 

Wffl] ±j*©«fc-5Jc4»aanfcr©»ifijcj:**-5 

30 y^«li©^*i56fCJ:ti«, J: 

mmvmz mi 1- v^c^^ftsft tmmt ©r^© 

x ^ ;b^f- hm©^ $ «k »J ^{gv ^ t) © & * - ^ v 9 nm 
a ftr«fttt ¥SMWi#?Bj*s tvfc^tc w * i ©» 

®tSi:*sSi4:*»&, y^«a©jS»Sfitffl<S» 

fS -5 X^\'>y * U > yjSfc il*(C J: »; t^tft-r * Z.t.W 
TS6**eS^a(#»S:<Sx*^/^-»fflf©tf»BI»fc 

50 [0 0 2 8] £©38HfC«kS;*-$y*«ffi7gJ«fflSUB 
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[0 0 2 9] 

LtetfibMW-t S„ Hi£M©£IIHC;}3^T, 

%!£©£ 1 ££0|fC J; Stf- ^ <y 9nm<Z>Bl&l3&&B 

■To 

[0 0 3 0] £©#l*J6«Uc;fc^TBu *T> 01 A 
IC^-Ti-itC, n + lGaAsifl±C7thl'^ 

7-r-ffifc.fcy/**-— >f u ja*"*--**:*--^* 

s;* h * - > 2 ©j^jfttt. *ftt i^'x h bf- 

[0 0 3 1] #uc H i B{c^"t"j: o tc, *t\ Mx.ti 
InAs &*-y>y hi:LTffl^feX/t>y^U>^ 
(#J;ttf, v^* N □ * u let y 

ISA I nAsi3l:iIi:MU 3l£tt^T0i*.tf ^ 

r?y * u yvm^m^-hmmmz. & y n i mm* . 

31 T% XA'y # U tf'Jx.tfV?'* h n >XA>y # 

U > ^ffitC <fc »J I nAsf 3 S^IC 

tt, J^£««:«*.tf 2 X 1 0-5 P a tCH£ 

Wf% b 31 ©EfcBI^ Ar^ &-0fcfcKBE& 3 X 
10-iPaiT'iAU 3L©Ar#X£DC$:*£-e 
■5 = i®a^0«yi«*ttfli*tf 1 5 0WT*6. * 

©ffStt, ^W 9 InAsf3, NifcBU, WS i 
mm 5 33i:tfW?i§| 6 ©^rft©jp$ J: y *)+#ic*£ < 

[0 0 3 2] iCJ^tCLT^MMKill nAsl 

3, Ni«JR4, WS i»R5£J:tfW»R6#JgjatS 
*l£n + IGa A slil *«^(iT"fe h>©<fce>&^ 

iz & y , £ © i/ y x b y \° # - y 2 Jifc^s *x fc^K 

^InAsJ13, Ni^|g4, W S i WM 5 £ <fc t>*W5» 
flte&Bfc*-*-*. £*UC.fcoT, Ell CKia*"*J:-5K:, 

l/SJ* 2©8Hn«HC#j£-*-*aMHCfcW-* n 

♦ SGaAs S« 1 JtKl©##NMg|| I n A s Jg 3 . N 

i5*?Bl4, WS i»IK5feJ:tfwaPK6*i««Sn«. 

[0 0 3 3] ^IC, :*lbO**«SInAsl3, N 

ii!4. WS i«PK5 33J:tyWi»Bt6. ^ - 
5 V i'iWiaiW^Stlfen* SGaAsl 

3 0 Ott'3 oa-raaM&S&fTofeffe, WAtfRTA 



(Rapid Thermal Annealing)?^— fSSLffiteM^jpiZ J: £ 

#?£{c j: y «*. tf 7 o o ~ 8 o o n xmx im?p~m%- 

rMlifii 3 ZX. &$H£Sk I n A s m 3 ©Iftj& 
4 n + SGaAsSil©iMl23 

8"CT-feU, v*r4x*>£©*&^©»BkfcyiH-#K:iK 

31©»JI©l$S©#H^i:bTli, ixtfN 
#H*S:ffl^S. £©*M&Ja©lg*, HI DfC^tJ:? 

10 [0 0 3 4] Z(D£o\ZLXM&Ztl2>y<t-$. 
7 (DWmteM&iZm&MtiTtpX&Ztf. Z<D*- 

©ISfttt In« G a i-x As ^HffittN i A s 
TV\6ifc3^t)3^tjTV>*. JbM©^atcJ: »Ji©J: 

fCftS. -fJ&la-fe, *"f. i^3 0 0tT'3 0^ffl 
fl5l«W©!»ftaiC.fcy. n + SGaAsliUICN 

ix GaA8jf*^«a*l*fc4:*tC, fffl±ICNiA 
s ^&«&«fm»S:*to**jeft InAs A^fiKSti 

20 S 0 £©«£. Nix GaAsi^M$ft5ISS. n 

+ s[GaAsissi±©a«iWbK*«»*a*i*. * 

tC> «*.«7 0 0-8 0 OTC7?»©~»4M8I©*2«PB 
©«WL3atCJ:»J» P^InAsftfn* iGaAs 
1 ±JCX tf # S/ -V MStS Z £ IZ «fc y JS&fb $ 
tlT^a^'tt InAs tU $ & K Zl ©m& I 

nAsJS^n* SEGaAsltSl tiEJSL/T*SSttI n 

x Gai-x AsJfj^Jgfiltatl*. ZIZIT-, i©«attl 
n, Gai-x Aslhn* SG a A s3fetSl fctt, 

e> ©^in#®T'^>& < t %»a$^»Kijisa»^3y2v ^fc» 

30 ^LTH*. i©«2ai8ffl«bfiSi®ISK:tt, w 

s i msi 5 j^e> k^-- fcjfc**ii*4*n?»s s i ^±ga© 

*SIMtIn, Gai-x AsJg*lCWMtCSt»S*l, 31 
n»Cj:o"rz:©iliSttI n« Gai- X A sMttnM-fbS 

l-x A s SOl&f&tmftlZ. SMNiAsl^n* §5 
GaAs3fcRl±tC^Stl-5. WSi^H5cfi 
©Sili, n+ §5G a A s 1 flCfeJjtffc^n, 

£<D&fBB<Dn+ IGaAsl 
«l©^*IS««ia[S:*t*a-ti:6. ^©^"-^ >y <7 

40 tB»7©«±aPttW*»&J«oTVx*3i:*«43^oTV^ 
■5>„ 

[0 0 3 5] ®2ti, #WBlnAsl3, WSif 
15 j3<tt>'W^M 6 ©J9£&-€- n-ftll 8 nm, 4nm 
fej:tf5 0nm(:igU Niil4Oj?SS2 0n 
m, 2 3 nmfc<J:t>*2 5 n m© 3*Jp}C^, ZLtlt.© 
^4£AlnA8i3, Niii4, WSiiR5fiJ: 

j£tcj:y 3 o o'er- 3 04Hawtf&3fcf?oTa»e>, rt 

Ai*K:J:y4 9 5-6 5 5tJ©<6B8^JaKS:3EA.T 1 » 

so raswaa& i Kf-5ii:ic«fc y»j«Lfc*--5 v ^«s©» 
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T 5* L fc*>tf)T*& So fc£U r:^©!^^©^©* 
ffl^UTte, 5%©H2 JfXtfmUZnfc.N2 

(10 0) mi5®.V>¥mWrttG a A s SWZ S i fc-f* 
^AUTnM'fbLfe, M»2X10Hcm-3 
©^©fcfflV^o &M&jfi©M;£teT LM (Transmissi 
on Line Method) i£lC«fc U 02 <fc $$LJl?S 

^#6 0 0X}©££{C^Mig^te**{B<&oTif!tl Q 

[0 0 3 6] 03 It. #WSJI I n A s JI 3 , Nifl 

t-= fc£U ##MIU nAsJf 3, Nifl4, WS 
3nm, 4nmfe<tB t 5 0nmt'&5. 03<fc*J, 

[0 0 3 7] 04 It. #minAsl3, Ni»I 

4, ws imms te&Tfwmme 
M&f&mmm»z]&i&vTfrt> 3 0 o^c-t-3 o#n3$$i 

s*- ^ tm&M&mwifoo)^-? it a p-*jM#>x 

[0 0 3 8] 0"5ti. n A s Jf 3 , Niil 

4, ws imms&&tfwwwi:6friDf8 l z>*-s.v?m 

mm^mi:^\ -£©&6 5 orr-i^ra^M:®^^ 
n t iz j; »j ^ b - 5. v v nm^mmmm^m & 

mU<0 ^7*U*J-\tm&X&.ftX*3b&Z.hif't>-frZ> a 

z<7)£$iz&m-te : z7*ui?-tfmt>tiz>m&it. ws 

i mm 5 ©#£IC i »J , ^MNf{C##^^ InAsi 

3^e>i nt>mMmmmiz}j£Wi-tg,<DtfMitt*tiz>t~#> 

X&So 31©WS i^5(Z)JS$tt_hKg©J;e>tC4 nm 

G6ib2(jlil#f# e> *i s z: t g izm-r s , 

[0 0 3 9] ttMLO>t=.&>\Z, I323n m©#| 

ISilnAsf, 1 5 nmCDN i»MS<fct>*Jp:$ 3 
4 n m©Wiem£MS&«Jil'£:«i^©:*-^ -y 

mmmmw^m^xt)^ *T3 0 o-ct-3 0 groat 

^m^oo^^^a^'-ti, *«SIInAsJ9Hln 
[0 04 0] ±ifi©^--^ v^*S7&mj*Lfc 



7©*&gJitt«:fflteUfefc£5, *6cjetttt&#T?»<& 

ZL©^--^ v^«S7 4HCtt, AuGe/Ni 

**«4»K:**;hSl8 - AuG a©J:^fctelBLl&©ffc£ 

[0 0 4 1] glffli^C, ZL(D%iimti&ffllZ£tUi. 
n + iGaAslSUIC, PMHnAsl3, N 
10 ifH4, WSiHSSimviKS^^W-? 

©fgl|SK©»3£J:WJx.tf7 0 0~8 0 0TCT-© 

5 v ?9M 7 s #5 ZttfXZ 

20 &mmi&$:B.mmffi?z>z.£ti l xg2>. z*>iz. 

^^«^7©^{CMV%6tlS##^I nAs 

&tC<fcU?£j?S;LT^S©TN Zl©^--5 «;*ti7 £ft 
v ^lttt«t§ 31 £ tfX ft S„ 
[0 04 2]r^C(C, i©»Wffl«2S6i«l«lK:oV\T»W 

ICfeVNTii. ^lHJ6M{Cj3V%Tffl^fe01 CtC^J: 
e> - ^ >v ^ fMB§&*M8«#©ft*> *J 0 7 {c^ 
-TJ:o*^-5'y^«^^ffl«Jf{*$:fflVNS„ ^©0 

30 7 iz^-tyt- mwMj&mmm»tfm 1 c ic^i-^- 

- ^ >v ^ « W^ffl^Sfis i: »«! S * li, W^H 6 im 
^$4^Tv^75;v^Zli:T'feS„ ^©flfi©zii:{il|i||igM 

[0 0 4 3] i©fS2S6S6«JCj:oT%>, HlH^Ji: 

L^tiWv ^SttT'^-t S i i: tfX S S „ 
[0 0 4 4] #ac, iffl»W©«3|iJK«lK:oVxT«re 
fS. i©»3|Q(S#!I(Cj:6*-$'!y^«S©jej**ffi 

40 ^<fc*-S ^^«W^M«M«s©f^*5U(C 08(C^ 

i-£o&*-5.v>7mM&i&mmMtfizm^z>, ^©0 

-5yf «»figffl«M^ £ Mte S j^tt, WSiiI5 
#?§&*3 ^ & i*> *©f^to U fC**«fi InAsi 
3lC*fLT Kt-i:WMit$)5Ge^^5Ge 

^ y ^*^«fflM#©?e*«(cffto*v<B*Ma3afflis 

(Cli. i©Ge»fflt8*©Ge*^*iej|I nAs»3 

«:i:*lcfifeE-tS3i:{CJfcS„ -?-©fffi© z: i: «H l 

50 tmmx&2><nx\ si^^^ms-rso 
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[0 0 4 5] Zl(Dffl3§yfeWCj:oT*;. «l&S6tt£ 
««H«ftft#ft*HS&^-*-*a-- ^ v 

[0 04 6] &tC, Z!Of§W(Z)^4|gJg^|{CO^T^ 
t4. £©SI4|gJ60!Ucj:&3r-3 y^WKCWIMtofriS 

e> - $ v * «HBgjftj88Uf #©ft*3 »j tc si 9 tcs% 
?-j:3ft;r-sv**ft^»ffi*»#fcMv*s. i©a 

*«JgJ*fflSW# £ Mft 6 J*tt. WSifl5 

Tb^^tvT^^-r, -e©fW3»;jcNiawi)i4tt»fcs 

i, Ge, Te, S n ft if© fcftS^tt*©^ t> 

<5*WKl©l»Ktt. Z<DN ifMR4tpfflK"*— tftS^ 
tt*###*gfi I n A s Jf 3 ft i: fCft 

£#B&-tSo 

[0 0 4 7] i©»4MBK«K:J:o-C%>, JfS 1 HJfeMt 
e«ra*ftS#ft4#ttS:« , t**-5 y ^«KS:*ac 
U # %tf n£&ttT?7gfiM- * Z £ #T*£ S . 

[0 0 4 8] iffl«W©®5ia6WC-3^TSlflB 
t6. £©ft5££0!lCJ:&;4--3 y9m<Z>»?A#& 

e> ft pf - $ >v * wgtei&f8Wt#a>iVb U K, bio (c 
jo%"r«fc"5ft*-5y^«S^«fflaWM*S:m^fi. 'CD 
El 1 0 lea***- 5 y9Wmi&M1MH*&W 1 ClCj* 

K5«^jaa*iTtee>-r, -t©^t>-uK:***eai nA 

sJBStpC&bfrC&S i, Ge, Te, Snft£©K 

- h ft -s ^»gj© e> ©—a * _h*^ * *i 

M#©m*«tc«to*iS«Wiai©l»»c:tt, 

I nAs»3tf»Kl£*ft6K^-fcftS**t*M<. «*F 
ft&tCJBJ*3ft**§fittI n x Gai-x A s Jgtf»lC K"*— 
tlt^Jft. nSJfflliu Gai-x AsJfjWgfifcSft 

So -t©ffi©ifctt<Sil6Sfi«fcra«-e»6©Tf» 8MB 

$:#BS-t-5o 

[0 04 9] ^JBS^jgWCfcoT*, fcllQKftlfc 

etaJrattftH^ftWtt&^-t**- 5 ? * ms&SAic 

[0 0 5 0] ^(C r©fgfE©fg6|gi&MKo^T!&IE 
£©«6gB»Wca3HTtt, GaAs ME S F 

e t <ow& y d t x ic 33 s * - ^ *j v mm<Di&f8. izm 

2Sfe»MtC«fc6*-$y^»S©»**ffiS:MV\ 

[0 0 5 1] £©«6|gJ60|t;:a3V*TM:, 011 
ACaVfJ:^. ¥!6iffiGaAsai9tflCFt- 4: 



Z £ K J: »; &A*M^ £ ttft ttJCfSffi-f b UnSft* 
;i/JB 1 0 Sr^fR-TS. 
[0 0 5 2] &{C, HUB {C^-T J: O tC, ft 1 UlSSM 

T?3*^fciira«ftU7h*7jaK:j:y, ^-^7^11 

JgJ»fflH::##*SJfi I n A s JS 3 33 <fct>*N i MR 4 

[0 0 5 3] u y?mz£ *j±m 

»CWS i»BtS:^Ufc«, IfflWSi»l±lC, 

io ©us;* (H^-tf-f) &y v^97-r-ffi»c 

i »WS:ftI>ttfC F4 /O2 #©xy?->y3tf:**:JBv* 

fciRj6tt>f*>xy^->y (rie) atefcyx^^-^ 

nAsJf 3, N i »B|4 33<ktfWS ifi5 

wsi»^y-Mii ljwt&asn 
So ft33, ±sa©ws iWK&fflv^TBBm&^ia'tsi 

20 i:%-srtlT'feSo 

[0 0 5 4] r^{C, £*ie>©4*- MSI 1 33J:t>*^-- 

1 OtflCh^h- fcftS^M«S:W«BSK:>f*>ffiALfe 

ttft«««riBftiaR, «^7oo~8ootfflfist'i 

«LS5:^fe)o ^tltCfcoT, Ell 1 DlC^f .fcotc, ^ 

Kb-f>«K'i:bTW^&*i*#-S*y**li'i 2, l 

30 2, 1 3 fcy- hSffil 1 fc©iai©»4)-tCfeWSnS!^ 
^*Ml OcplCn 4 ill 4, 15^ Z14X?5©^- 
MillfeJ:l)f*-4fi'ttil2, 13{C*fLTS 

2 £>f- hm^ii l i:©ra©g|5^ic33 
WSnSftWH 0*K:^jaa*lfen* MJS14(C 

y - x • h ra©lt?'Mfii©<SM zmzzttf 

[0 0 5 5] i©» 6 IQISWc J: nti. V-^SI*fe 
it K U>f UTfflv^T«Figft&#ftWttS:3&"rs 

40 Pt-^y^«Ml2, 1 3 ^^IC^-TSZlt^T' 

L^3ti?iM-^7?lii2, i3©Mi: 

T, GaAs ME SFET©J83iXjB©WWMbS:BIS 

[0 0 5 6] «±, i©»W©Mafi«tCogA#»JC|ft 
TOLfej^, £©#!)!«, iizEW^Jg^JtCPI^SttSt)© 

50 [0 0 5 7] tf , J:i4©^ 1 Hi&M-fl 6 HifeMtc 
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[0 0 5 8] ±M©fS3i©!£#Hcfc^Tfflv><b*i 

[0 0 5 9] 3<blC*£, ±J*<0«l|QSffil~«5^ai6 

mMfclt* n + IG a A s 1 y 

£(C «fc *J M.fc]&f& b fe^tc £ ft & «: x y > yfcStc «fc »J 

* - $ v * *« ©JtMK icr? * - =. > y-T 6 £ £ 4: »J J§? 

[0060] $ e> c, ±m©h i iub«~» 5 mmwiz 

jS^Ttt, n + §?G a A s St 1 (C*ft 5^- 5 7 ^ 1 

t)K «jt«x£#*$/*;w8£KfciflcJ: y?&*3ftfcn 

♦ SGaAsJBtC*f , r<B*-$yi'«S©J^J*K:i©» 

ib zmm-t & z n % BrtgT-&&o 

[0 0 6 1] 

[»W©»*] RJ:3*^feJ:^tc, ^©l&BHtC J:37i-- 
;5 >y ?mii©^f&#?£lCJ:ft«, III-V»Ht-&* i IM»# 

S. i©*MIKJ:**-§'5/^««^*M«WI# 
{C«fc*U£, III-VjjHb^ifs^Kl^-tS, 

CHiS©ffl#fcSW!] 

[01] i©»W©fl51ie»«fCJ:S*-^'y^«ffi© 
[02] i ©»!»©» J:**- ^ t»f ttl© 

[03] £©»iJ!©mSgiSWC £«*--$?**«© 

[04] i©»W©»ilU(SWcJ:fi*-5iy^«fil© 
T^e>300t:T'3 0#HjlMfc3fef?ofc«©ttlK&^ 

[07] 



^5 WS 11*01 




[0 5] i©»9!©Sll|IJI6«tCj:6*-$'5'ir«ffi© 

fcmz 3 0 0 TCT* 3 0 jmUMBMtifrW £ •=> tC 6 5 0 
■CT* 1 fPISfflHM&I&iT o Z £ (C <fc 3 * 

[06] I nA s/N i/W«Jg©*-S ^ VWm&fo 

10 [H7] i©»W©«2iQfi«K:J:45*-^ y *M© 
# fcavr Wiser?* s. 

[08] ^©^©ftaiQfiUfCj:**-^^^*!© 
^j*#iftK£vvrfflv*&ftS*-S y 
#&aVrWriBBlT*&. 

[09] i©»W©«4Sfete«fCj:6*-$y^«fli© 

tt£jjtt-#r®0T'*S,, 
[010] £©fti!l!©$5£g£0!K:J:&;4---3'S/?tt& 

20 (nm^mz^^xm^^ti^^-^y^nm^mm 

[01 1] £©38l!li©f|$6*ifc«JC.fcSGa As ME 

SFET©SBi#jaS:ttWrsfe«>©IWlfH - e»*. 
[012] t-5-y?fiS^i:ltAuGe/N i £ 
- ? 7 ?ti©^*a & G a A s J 

[01 3] aiW**- 5 y i^tfi ©i*^^f-;0 K 
0T?&S„ 

30 [HI 4] (Se*©*-5y^*«©^fiR3ErtSK:feV^Tffl 
VMbft-5 InAs/Ni /WHit©*- < >y 
Mat»#&joVt-|WiBBlT?**. 
[«F#©W9!] 
1 n + SGaAsii 

3 WM&Sk InAsl 

4 N 

5 WSifi 

6 W$£II 

7 y 
40 8 G e fgflg 
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(54) FORMATION OF OHMIC ELECTRODE AND 
LAMINATED BODY USED THEREFOR 

(57) Abstract: 

PURPOSE: To provide an ohmic electrode having 
characteristics which can practically meet the requirements 
of a lll-V compound semiconductor such as the GaAs 
semiconductor, etc. 

CONSTITUTION: After forming a laminated body for forming 
ohmic electrode by successively forming a non-single 
crystal InAs layer 3, Ni thin film 4, WSi thin film 5, and W thin 

film 6 on an N + -type GaAs substrate 1 by using the 
sputtering method, etc., and patterning the films by lift-off, 
etc., an ohmic electrode 7 is formed by heat-treating the 
laminated body for 30 minutes at, for example, 300°C and, 
thereafter, for one second at, for example, 650°C. 
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